Exercise has important effects on skeletal mineralization. Changes in bone mineral density (BMD) and bone mineral content (BMC) as measured by dual energy X-ray absorptiometry were investigated in a group of 17 male novice college oarsmen over a 7-month period and were compared with eight age-matched controls. The rowing training programme consisted of approximately 8 h rowing, 1 h weight training, and 1 h running per week. After 7 months training the mean BMD of the lumbar spine (Li-L4) had increased significantly by 2.9% (P < 0.001) and the mean BMC had increased by 4.2% (P< 0.001). There was no significant change in the control group. Neither group showed a significant change in BMD or BMC in the femoral neck, greater trochanter or Ward's triangle. This study provides further evidence that exercise plays an important role in bone mineral formation.
Bone is a metabolically active tissue with continuous remodelling occurring throughout life. Although it has been noted for some time that athletes have a greater bone mineral density (BMD) than the normal population" 2, the role of exercise in bone mineralization is only recently being understood. The effects of exercise on BMD appear to be related to the mechanical stresses applied with maximal BMD in those regions of maximal stress2' 3. For example, previous cross-sectional studies involving tennis players have demonstrated cortical hypertrophy and increased BMD in the playing arms4 5 . Others have shown increased BMD in the os calcis of runners6 and the lumbar spine of weightlifters7. There is also evidence that BMD is a function of muscie strength7-10.
Snow-Harter et al. examined BMD in relation to musde strength in young to middle-aged men and concluded that muscle strength did indeed make important contributions to BMD"1. Doyle et al. demonstrated a significant correlation between the weight of the psoas muscle and the ash-weight of the third lumbar vertebral body in cadavers, thus indicating the close relationship that exists between functional loading and the adaptive response of bone7.
Longitudinal studies in women have shown significant increases in BMD with exercise'2. In an investigation involving pre-menopausal women, Gleeson et 
Materials and methods
The subjects recruited for this study were white healthy college age men from the University of Cambridge. Participation in the study was voluntary.
To enhance compliance with the rigorous training programme the two groups were determined by personal choice rather than random assignment. Again there was no significant change in the femoral neck, Ward's triangle, or greater trochanter in either group. There was no significant change in bone area in either group at any of the sites. As determined by ANOVA, there were no statistically significant differences in lumbar or femoral BMD between the groups at any time during the study.
Discussion
The major mechanical stimuli for skeletal mineralization include muscle strain and gravity. It has been shown experimentally that strain is a stimulus for load-related bone remodelling and that there is an increasing osteogenic response to progressively increasing load31. It has also been shown previously that cortical bone has a relatively slower metabolic response to stress than trabecular bone20 35 , and as such it is certainly plausible that while the duration of the study allowed us to measure trabecular changes in the spine it prevented us from detecting slower cortical adaptations in the femur. Ideally, there would have been a longer period of follow-up, but this was limited somewhat by the relatively short novice rowing season. It has been shown that skeletal response to applied load maybe greater in younger than in older individuals12 36,37 which may help to explain why we found a significant change in BMD and BMC during the relatively brief training period.
A third explanation for the lack of a significant femoral response may be the relatively lower precision of dual-energy X-ray absorptiometer in measuring BMD in this region. As the Lunar DPX is two to three times less precise in the proximal femur, it may have failed to detect subtle changes in femoral BMD29.
We believe that it is unlikely that other factors known to be important in skeletal mineralization, such as genetics and nutrition, played a significant role in this study. With regard to genetics for instance, the two groups were rather homogeneous, and there was no significant difference between groups in BMD or BMC at the start of the study. As there is evidence that diet, particularly dietary calcium, can influence bone mineralization '9, ideally the nutritional intake in the two groups would have been identical. Although all the subjects had similar dietary options, it is possible that their actual nutritional intake differed. We believe however that it is unlikely that these two factors played major roles in this study as we found a localized increase only in the lumbar spine, the area of maximal mechanical stress, without significant changes in the femur. If there has been some genetic or nutritional effect we believe this would have been reflected by changes in the femur as well. Moreover, it is unlikely that body weight played a significant role as the weight of the exercising group did not change significantly while that of the control group increased slightly. As increased weight is generally correlated with increased skeletal mass', we would have expected to find increased bone mineral in the control group.
The types of exercise that maximize bone formation are yet to be determined. In theory, the regimen is likely to be one that exposes the skeleton to high strains at high strain-rates in a variety of distributions41. The results of this study support the theory that exercise is a significant stimulus for osteogenesis and give further evidence that mineralization is related to mechanical loading. Further research is certainly merited so that we may gain a better understanding of the exact mechanism by which exercise stimulates bone formation as well as which form promotes optimum mineralization.
